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ourmt  1.  -  iwiooocnoii 

lOCAIlOK  AMD  PgSCUPtlOB.  Rocky  Mountain  Arsenal  (RMA)  occupies  17,000 
acres  in  Adams  County,  Colorado,  10  miles  northeast  of  downtown  Denver,  and 
directly  north  of  Denver's  Stapleton  International  Airport.  The  Northwest 
Boundary  Containment/Treatment  System  Project  is  located  along  the  northwest 
boundary  of  RMA,  parallel  to  Colorado  State  "Highway  2  in  Section  22,  Township 
2  South,  Range  67  West.  The  project  consists  of  a  combination  slurry  trench 
cutoff  wall/hydraulic  barrier  which  includes: 

(1)  A  soilH>antoniCe  ground  water  barrier,  which  is  a  minimum  of 
30-inchus  wide,  and  is  keyed  3  feet  into  impervious  bec.’ock.  Barrier  length 
is  1,425  feet  and  is  located  BOO  feet  inside  and  parallel  to  the  northwest 
boundary,  as  shown  on  Plate  4.  Average  depth  of  the  barrier  is  43  feet. 

,2)  Fifteen  dewatezlng  wells,  five  of  whic'h  are  SO  feet  upgradient  of 
the  soil-bentonite  barrier.  The  remaining  10  discharge  well*  form  the 
hydrualie  barrier. 

(3)  Twenty-one  recharge  walls,  600  feet  down  gradient  of  the  cutoff 
wall  and  discharge  wells. 

(4)  Seventeen  piesometers  for  monitoring  ground  water  elevation  and 
contaminat ion. 

(5)  .  A  treatment  plant  for  removal  of  organic  contaminants,  by  carbon 
adsovntion. 

K2  COWStiacnOW  AgfaURIft.  Th*  Northwest  Boundary  Containment/Treatment 
System  Proiect  was  authorized  by  Directive  No.  2,  Design  FT  82-Rocky  Mountain 
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Araenal,  dated  8  January  1982,  and  Directive  No.  1,  14  January  1983,  FY  81, 
PN  36.2  Liquid  Waate  Diapoaal,  Phaae  II-WPC. 


1.3  POBPOSB  OT  IgPOlT.  An  aa-*built  foundation  report  ia  required  for  all 
major  or  unique  conatruction  projecta  aa  per  Regulation  No.  IIIO-I-INOI  dated 
1  April  1983.  Theae  repotta  inaure  the  preaervation  for  future  uae  of 
complete  recorda  of  foundation  conditiona  during  conatruction  and  of  methods 
uaed  to  adapt  atructurea  to  theae  conditiona.  They  are  alao  uaed  in  planning 
additional  foundation  treatment  after  project  completion,  if  neceaaary,  in 
evaluating  atreas,  in  planning  remedial  action  should  structural  failure 
occur  due  to  foundation  deficiencl^:<,  for  guidance  in  planning  foundation 
explorations  and  in  anticipating  foundation  problems  for  coopareble  future 
construction  projects,  and  as  an  information  base  in  determining  the  validity 
of  claims  made  by  construction  contractors  in  connection  %HLth  difficulties 
arising  from  alleged  foundation  conditions. 

l.A  PIOJUCT  H18T01T.  8MA  vas  established  in  1942  to  produce  chemical 
warfare  agents  and  incendiary  munitions.  Since  1946,  portions  of  the  R>1A 
facilities  have  been  leased  to  private  industry  for  chemical  manufacturing. 
Production  of  chemical  warfare  agents  continued  at  RMA  until  1957.  In  1971, 
a  demilitarization  program  was  initiated  to  reduce  stocks  of  obsolete  chemi- 
cal  agents  and  munitions.  Chemical  production  by  private  industry  and  the 
demilitarization  program  were  still  in  operation  during  conatruction  of  the 
Northwest  Boundary  Containment/Treatment  System  Project. 

During  the  production  years  (1942  to  1957),  the  industrial  wastes 
generated  at  RMA  by  private  lessee  and  Government  operations  ware  disposed  of 
in  unlined  ponds.  Basin  "A,"  located  in  Section  36,  was  the  most  extensively 
used  unlined  pond.  At  the  peak  of  production  in  1955,  the  surface  water  in 
Basin  "A”  reached  approximately  300  acres  in  area.  The  use  of  the  natural 
basin  with  no  other  provisions  for  waste  containment  allowed  large  quantities 
of  contamination  to  percolate  into  the  ground  water  system.  Dnlined  Basins 
"C,"  "D,"  "E,"  and  "F"  were  also  used  during  this  time  to  contain  overflow 
wastes  from  Basin  "A." 
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The  firtc  indication  of  ground  water  contanination  outside  of  RMA  came 
with  a  formal  letter  of  request  for  investigation  from  the  Great  Western 
Sugar  Company  to  Brigadier  General  C.  S.  Shadle,  RMA^  dated  4  June  1954.  A 
subsequent  letter,  from  the  Great  Western  Sugar  Company  to  the  Chief  of 
Engineering  and  Service  Division,  RMA,  dated  18  June  1954,  related  more 
information  concerning  ground  water  contamination.  This  letter  described  a 
correlation  between  crop  damage  and  irrigation  water  from  wells  in  farmland 
adjacent  to  RMA  as  early  as  1951.  Studies  of  the  problem  were  initiated  in 
November  1954  by  the  Corps  of  Engineers,  Omaha  District,  in  cooperation  with 
the  U.S.  Geological  Survey  (USGS)  at  the  request  of  the  Commander,  Rocky 
Mountain  Arsenal.  The  Corps  of  Engineers  study,  "Report  on  Ground  Water 
Contamination,"  September  1955,  consisted  of  well-*sample  analyses  for  contami¬ 
nation  and  an  electrical  resistivity  investigation  to  determine  contaminant 
migration  patterns.  The  USGS  open  file  report  by  Petri  and  Smith  was  dated 
August  1956.  Tliese  studies  did  delineate  general  patterns  of  contaminant 
migration,  and  they  recommended  that  a  program  be  implemented  to  monitor  the 
contaminated  grmind  water. 

Another  study,  conducted  by  the  Ralph  M.  Parsons  Coeipany  under  contract 
with  the  Corps  of  Engineers,  Omaha  District,  resulted  in  "The  Pinal  Report, 
Disposal  of  Chemical  Wastes,  Rocky  Mountain  Arsenal"  in  September  1955.  This 
report  described  studies  of  toxicity  to  plants  and  chemical  constituents  in 
irrigation  wells  near  RMA,  and  provided  recommendations  for  cost-effective 
actions,  including  reduction  of  the  volume  of  contaminated  water  discharge 
from  plants,  asphalt  membrane  seals  in  existing  storage  reservoirs,  and  the 
study  of  bentonite-sealed  reservoirs,  reduction  of  wastes  into  salable 
by-products  as  much  as  possible,  neutralisation  of  surplus  acids  into  salts, 
and  solar  evaporation  of  a  portion  of  the  waste  liquids  in  the  reservoirs  to 
reduce  liquid  contents.  It  also  recommended  against  the  use  of  an  injection 
well  for  disposal  of  liquid  wastes. 

Many  of  the  recommendations  were  followed  for  reduction  of  waste 
volumes,  and  existing  Basin  "P"  was  lined  with  an  imperswable  sprayed  asphalt 
membrane  covered  with  1  foot  of  clay  soil.  Apparently,  no  study  of 
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b«nConice-*aealtd  reaervoirs  waa  cooducCed  aud  no  ocher  f#aace  reaervoirs  vere 
lined  to  prevent  continued  leaching  of  conCaninanta  inCc  the  ground  water 
aquifer.  All  proceaa  waatea  a'.nce  1956  have  been  placed  in  Baain  "7." 

The  U.S.  Public  Health  Service,  acting  on  claina  of  crop  damage  from 
the  uae  of  irrigation  water  on  landa  adjacent  to  RMA  ia  1959,  performed  a 
aurvey  of  damagea.  Thia  atudy  reaulted  in  a  report  releaaed  in  November  1959 
acknowledging  the  Governnenc'a  reaponaibility  for  contamination  of  RMA^area 
ground  water.  Thia  report  provided  impetua  for  containment  and  cleanup  of 
contaminated  ground  water  leaving  RMA.  The  Omaha  Diatrict  waa  directed  to 
perform  a  preliminary  atudy  of  the  ground  water  problem  at  RMA  by  Office, 
Chief  of  Engineera  (OCE)  Directive  No.  1,  dated  18  March  1960.  Reaulta  of 
thia  preliminary  atudy  were  aubmitted  to  OCE  in  report  form  dated  11  May 
1960. 


By  letter  from  OCE,  dated  11  July  1960,  Che  Omaha  Diatrict  waa  directed 
Co  proceed  with  completion  of  the  final  integrated  atudy  of  the  ground  water 
eontaaination  at  RMA,  baaed  on  information  available  at  that  time.  Thia 
atudy  reaulted  in  the  comprehenaive  report,  "Program  for  Reclamation  of 
Surface  Aquifer,"  dated  January  1961.  Thia  report  accurately  deacribed  the 
nature  and  extent  of  contamination,  the  nature  of  the  phytotoxicanta ,  and 
aupplementary  mechoda  of  waate  diapoaal.  It  alao  provided  aeveral  atheraea 
for  correction  of  Che  contamination.  Theae  achemea  included  Che  proper 
locationa  for  barriera  which  were  uaed  when  deaigning  the  Northwest  Boundary 
Containment  Syauem.  Alao  recoaaMnded  waa  a  program  for  monitoring  contamina¬ 
tion  and  ground  water  flowa,  and  a  program  for  further  atudying  the  nature  of 
the  contaminants  and  their  effect  on  plants  and  animals. 

By  the  summer  of  1959,  Baait.  "T"  was  dangerously  close  to  capacity  for 
two  reasons:  (1)  Che  production  of  liquid  wastes  exceeded  expectations,  ind 
(2)  Baain  "P,"  the  only  lined  basin,  had  only  two-thirda  Che  capacity  recoai- 
mended  in  Che  Corps  of  Engineers'  sponsored  study,  due  to  limited  funds 
available  to  the  Chemical  Corps.  The  Chemical  Corps,  acting  on  the  advice  of 


their  Induatriel  Adviaory  Council,  decided  upon  a  deep  well  for  the  under* 
ground  injection  of  future  waatea.  Under  contract  to  the  Oaaha  Diatrict, 
U.S.  Amy  Corpa  of  Engineera,  E.  A.  Polumbua,  Jr.,  and  Aaaociatea,  Inc., 
produced  the  report,  "Final  Deaign  Analyaia,  Preaaure  Injection  Diaposal 
Well,  Rocky  Mountain  Araenal,"  in  July  1960. 

The  injection  well  waa  drilled  in  1961  under  the  auperviaion  of  the 
Omaha  Diatrict  to  a  depth  of  over  12,000  feet,  penetrating  Precambrian 
gneiaa.  Thia  well  waa  unique  in  that  it  waa  by  far  the  deepeat  injection 
well  to  date,  and  that  the  reaervoir  conaiated  of  fracturea  in  cryatalline 
rock  aa  oppoaed  to  aedioentary  rock  commonly  uaed  for  injecting  waatea. 
Regular  preaaure  injection  of  waatea  from  Baain  "F"  began  on  8  March  1962. 
On  23  November  1965,  David  N.  Evana,  a  Denver  geologiat,  publicly  announced 
the  reaulta  of  a  atudy  conducted  by  him  which  alleged  to  prove  that  injection 
of  liquid  waatea  in  the  deep  well  at  RMA  waa  cauaing  earthquakea  in  the 
Denver  area.  Mr.  Evana  baaed  hia  allegation  on  the  atawiatical  correlation 
between  volumea  of  waate  injected  into  the  well  and  the  frequency  of  earth¬ 
quake  eventa.  Thia  correlation  covered  the  period  from  March  1962  to  October 
1965,  during  which  a  total  of  150  million  gallona  of  waate  were  injected  and 
a  total  of  710  earthquakea  were  recorded. 

Intereat  in  a  relationahip  between  injection  of  fluida  and  earthquakes 
soon  became  widespread.  Upon  the  advice  of  the  Corps  of  Engineers,  RMA 
reduced  the  rate  of  waate  injection  on  20  January  1966,  and  discontinued 
injection  altogether  on  20  February  1966.  The  isveatigation  of  the  situation 
then  expanded.  The  U.S.  Geological  Survey,  University  of  Colorado,  Colorado 
School  of  Mines,  and  the  Corps  of  Engineers,  Omaha  District,  cooperated  in 
the  investigation.  The  correlation  between  injection  rates  and  earthquake 
frequency  waa  confirmed,  and  in  February  1969,  injection  of  waate  waa 
permanently  discontinued.  Process  waatea  were  again  stored  in  Basin  "F." 

In  1974,  contaminants  that  originated  from  RMA  operations  were  detected 
in  surface  waters  located  to  the  north  of  RMA  and  in  wells  located  near  the 
city  of  Brighton.  The  State  of  Colorado  Department  of  Health,  following 
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Resource  Conservetion  end  Recovery  Act  guidelines,  issued  three  Cease  and 
Desist  Orders  against  Shell  Chemical  Company  (SCC)  and  RMA  in  April  1975. 
These  orders  stated  that  SCC  and  RMA: 

(1)  Immediately  atop  the  off-'post  discharge  of  contaminants,  both 
surface  and  subsurface. 

(2)  Take  action  to  preclude  future  off-post  discharge  of  con¬ 
taminants. 

(3)  Provide  written  notice  of  compliance  with  Item  (1). 

(4)  Submit  a  proposed  plan  to  meet  the  requirements  of  Item  (2). 

(5)  Develop  and  institute  a  surveillance  plan  to  verify  com¬ 
pliance  with  Items  (1)  and  (2). 

As  a  result  o*  these  orders,  a  program  was  developed  and  implemented  to 
satisfy  the  compliance  criteria.  The  Northwest  Boundary  Containment/ 
Treatment  System  is  one  of  several  projects  designed  to  implement  this 
program. 

1.3  DISiqi  COBCgPT.  Originally,  the  design  concept  for  the  containment  sys¬ 
tem  was  a  total  hydraulic  barrier.  However,  the  thin  saturated  thickness  and 
low  permeability  of  the  aquifer  along  the  northeast  half  of  the  system  made  a 
hydraulic  barrier  along  this  reach  economically  and  operationally  undesir¬ 
able.  The  slurry  trench  cutoff  wall  was  selected  to  contain  the  ground  water 
flow  in  the  thin  aquifer  because  it  offers  several  advantages  over  the  hydrau¬ 
lic  barrier.  Advantages  of  the  slurry  trench  cutoff  wall  are: 

(1)  Less  maintenance  time  and  costs,  due  to  the  reduced  number  of 
wells  and  pumps.  Less  shutdo«m  time  for  well  maintenance. 

(2)  Assures  positive  cutoff  in  an  ares  with  complex  hydrology. 

(3)  Less  complex  operation. 

(4)  Seasonal  variations  in  ground  water  level  will  have  less  effect  on 
system  operation. 

(5)  Less  operating  cost. 

1.6  tOCATlW.  or  Camiimtiarc/rtXJamMT  STSTTM.  originally,  there  were 
several  proposed  locations  for  the  containment  system.  As  preconstruction 
investigations  progressed,  it  became  apparent  that  more  favorable  subsurface 
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condition*  existed  closer  to  the  boundary.  Hoeing  northwest,  sway  from  the 
bedrock  bench  situated  approximately  1,600  feet  inside  and  roughly  parallel 
to  the  boundary,  the  geology  and  hydrology  is  more  conducive  to  operation  of 
the  contaimunt  system.  There  is  greater  saturated  thickness  and  less 
bedrock  fnfluence  on  ground  water  flow  (Plates  22,  24,  and  25).  Therefore, 
the  final  containment  system  location  ii^  as  close  to  the  boundary  as 
practical.  This  location  provides  several  advantages  over  any  other  site 
considered.  Some  of  the  advantages  are  as  follows: 


(1)  Ground  water  flow  in  this  area  is  nearly  perpendicular  to  the 

boundary  and  the  containment  system.  This  allows  the-  DBCP  plume 
to  be  intercepted  with  a  shorter  system.  Review  of  the  ground 
water  and  bedrock  plans  indicates  that  a  system  located  further 
inside  the  boundsry  would  be  nearly  parallel  to  the  ground  water 
flow  and  the  plume.  This  would  require  the  system  to  be  an 
additional  1,000  feet  in  length  to  assure  the  entire  plume  is 

intercepted. 

(2)  The  saturated  thickness  increases  closer  to  the  boundary.  As  a 
result,  the  length  of  the  slurry  cutoff  wall  is  less,  because 
there  is  less  thin  aquifer  to  cutoff. 

(3)  There  is  a  fairly  extensive  network  of  existing  monitoring  wells^ 

in  this  area.  These  wells  can  be  used  to  monitor  the  system 

eliminating  the  need  to  construct  new  monitor  wells.  There  is  a 
row  of  monitor  wells  along  the  boundary  that  can  be  used  to 

monitor  water  quality  and  levels  down-gradient  of  the  recharge 
line.  There  is  also  a  row  of  monitor  wells  chat  fall 
approximately  sidway  between  the  discharge  line/slurry  well  and 
the  reoharge  line.  These  will  provide  water  quality  and  levels 
within  Che  system.  Seversl  monitor  wells  are  located  upgradient 
of  the  discharge  line/slurry  wall  Co  provide  ground  water  data 
prior  to  entering  Che  containment  system. 

(4)  The  location  contains  more  contsminated  ground  water  initially. 
By  moving  the  barrier  close  to  Che  boundary,  there  is  less  contami¬ 
nated  ground  water  between  the  system  and  the  boundary  Co  flow  off 
the  arsenal  after  starrup. 

(5)  The  bedrock  high  in  the  vicinity  of  boring  DH82-8A  provides  a 
place  to  tic  the  northeast  end  of  the  cutoff  wall  into. 

(6)  Low  ground  water  gradient;  reversal  can  be  achieved  with  minimum 
drawdown  and  mounding. 


1.7  CtmrUJOtma  m>  OOTMCT  gowntrigiow.  The  contract  for  Rocky  Mountain 
Arsenal  Northwest  Boundary  ConCainment/Treatment  System  began  in  July  1983. 
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Initial  grading  and  claaring  work  began  in  August  1983,  with  the  soil- 
bentonite  barrier  beginning  on  4  October  1983  and  finishing  on  20  November 
1983.  Well  drilling  proceeded  from  Septmber  1983  through  May  1984.  The 
entire  project  was  essentially  completed  by  July  1984.  Subcontractors 
involved  in  the  project  are  included  in  Table  1. 


TAILS  1-1  -  COniACXOtS 


OOTIACTOt 


BDH  yHFOPgl) 


Western  States  Construction  Co..  Inc. 
(Prime  Contractor) 

P.O.  Box  598 
Loveland,  CO  80539 


Treatsient  building,-  sumps, 
well  vaults,  site  grading, 
service  roads,  yard  pipi  g 


Geo-Con,  Inc. 

E.  Touchy  Avenue 
Des  Plaines,  IL  60018 


Slurry  trench  excavation  1011 
and  backfill  Suite  245 


Bechtold  Construction  Co.,  Inc.. 
West  41st  Avenue 


Discharge  and  recharge  7709 
wells  Wheatridge,  CO  80033 


Pox  Consulting  Engineers  4  Geologists  Piesometers  4765  Independence 

Denver,  CO 


Bath  Excavating  4  Construction 

1333 

80522 

Blasting  for  trench  P.O. 
excavation  Fort  Collins, 

Box 

CO 

Western 

Sheridan 

Lakewood 

Testing  Laboratories,  Inc. 
Boulevard 
,  CO  80214 

Concrete,  compaction,  775 
gradation,  and  backfill 

testing 

Chen  4 
El  Paso 

Associates 

Barrier  permeability  3405 
testing  Denver,  CO 

N. 

Westvaco 

1107 

Treatment  system  P.O. 

fabrication  Castle  Rock,  CO 

Box 

Decker 

474 

Erectors 

Metal  building  P.O. 

fabrication  Kittredge, 

Box 

CO 

80457 
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oamuCTOt 


Meyer- Weddle  Co, 

12580  W.  Cedar  Drive 
Denver,  CO  80228 

Consolidated  Engineering,  Inc 
11185  E.  51at  Avenue 
Denver,  CO 

Union  Power  Construction  Co, 
20A5  W.  Union  Avenue 
Denver,  CO 

Craftsman  Decorating,  Inc. 
2634  12th  Avenue 
Greeley,  CO  80631 

Re-Bar  Placing,  ^nc. 

9520-8  East  104tn  Avenue 
Henderson,  CO  30640 

Steelock  Pence  Co. 

5208  Adams  Street 
Denver,  CO  80216 


Calgoa  tank  interior 
piping 

Electrical  and 
instmacntation 


Overhead  electrical 


Painting,  coatings,  pipe 
identifications 


Reinforcing  installation 


Security  fence  and 
gates 


Gendreau  Construction  Concrete  formwork 

P.O.  Box  696 
Glenwood  Springs,  CO 

1.8  ttSlOCTT  MMD  PtSICT  STAfT.  Design  of  the  system  was  developed  by  the 
U.S.  Army  Engineer  District,  Corps  of  Engineers,  Omaha,  Rebraska,  under  the 
direction  of  District  Engineer,  COL  W.  R.  Andrews,  Jr.  Key  design  personnel 
in  Engineering  Division  include  G.  Williams,  Military  Branch;  L.  Tate, 
R.  Curnyn,  and  M.  Bayon,  Design  Branch;  and  D.  Pendrell,  J.  Topi,  and 
T.  McDaniel,  Geotechnical  Branch.  L.  Houston,  Geotechnical  Branch,  provided 
field  inspection  and  geotechnical  expertise  during  the  well  and  ground  water 
barrier  construction.  Construction  Division  personnel  include  M.  Mailander, 
Supervision  rnd  Inspection  Branch.  The  Rocky  Mountain  Area  Office,  under 
COL  J.  I.  Coars,  Area  Engineer,  was  responsible  for  project  construction. 
Key  Rocky  Mountain  Area  personnel  include  K.  Thonee,  Resident  Engineer,  and 
R.  McRae  and  J.  Minicz,  Project  Engineers.  The  treaCnent  plant  was  designed 
by  Stearns  and  Roger;  and  using  equipment  was  designed  by  Rubel-Rager,  Inc, 
Technical  review  was  provided  by  the  Omaha  District. 
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2.1  WICOMTIDCnOl  gmtSlTCmOBS.  a  nunb«r  of  puap  teats  end  inter¬ 
ference  teste  were  performed  prior  to  1961  to  determine  equifer  end  ground 
weter  cherecteristics.  Fran  Che  test  dete  obteined,  Che  hydreulic  conductiv¬ 
ity  fector  was  1,500  feet  per  dey;  the  factor  for  the  average  storetivity  was 
20  percent.  Average  porosity  was  computed  as  35  percent.  The  distance  from 
Reservoir  "A"  (Plate  1)  to  the  South  Platte  River  showed  a  20-foot  per  mile 
hydraulic  gradient,  with  Che  average  velocity  of  movement  of  16  feet  per  day. 

A  comprehensive  study  of  ground  water  contamination  was  completed  by 
the  Omaha  District  Corps  of  Engineers  in  January  1961.  This  report,  titled, 
"Program  for  Reclamation  of  Surface  Aquifer,  Rocky  Mountain  Arsenal,",  was  the 
first  report  to  identify  major  contaminant  sources  and  contaminated  ground 
water  plumes,  as  well  as  provide  co'<tainment/collection  system  schemes  and 
locations  for  the  proposed  systems.  All  following  investigations  generally 
confirmed  Che  hydrologic  information  and  preferred  containment  system  loca¬ 
tions  as  submitted  in  the  1961  report.  The  information  derived  from  this 
report  is  shown  on  Plates  22  through  25.  The  disposal  methods  for  contami¬ 
nated  water  are  not  included  in  this  report. 

A  field  explorstion  program  for  the  Northwest  Boundary  project  was 
planned  and  performed  by  the  Oaaha  District  to  provide  more  detailed 
geologic,  hydrologic,  and  contaminant  data.  Field  work  for  the  project 
begain  on  18  March  1982  and  was  completed  in  January  1983.  A  total  of  89 
holes  were  drilled.  Refer  to  Plate  3  for  boring  locations.  Sixty-seven  of 
the  borings  were  located  in  five  lines  parallel  to  the  northwest  boundary  in 
Sections  22  and  27,  The  lines  were  located  approximately  200,  800,  1,600, 
2,400,  and  3,400  feet  southeast  of  the  boundary.  The  first  four  lines  inside 
the  boundary  %«re  situated  along  three  potential  locations  for  the  contain¬ 
ment  system.  The  fifth  line  (3,400  feet  southeast  of  the  boundary)  was 
drilled  to  clarify  complex  hydrology  and  to  determine  contaminant  flow  paths'. 
The  remaining  22  holes  included  5  wells  and  17  observation  wells 
(piexometers)  used  for  performing  and  monitoring  aquifer  pump  teats. 
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Drilling  for  Che  project  was  perfonaed  by  the  Azay  Cor.^a  of  Engineers' 
drill  crevs,  Oiaaha,  Nebraska,  with  the  exception  of  Wells  W-*!,  W-l,  and  W-3, 
which  were  drilled  under  contract  by  Caissons,  Inc.,  Benver,  Colorado.  The 
majority  of  the  hol&a  were  drilled  with  a  CME~75  equipped  with  a  hollow  stem 
auger.  Three-inch  or  two-inch  diameter  split  spoon  samples  were  taken  at 
intervals  ranging  from  2-1/2  to  5  feet.  The  remainder  of  the  exploratory 
borings  were  drilled  with  a  cable  tool  (churn)  drill  rig.  Cable  tool-drilled 
holes  utilized  a  Bucyrus-Erie  churn,  and  were  sampled  continuously.  Wells 
W-1 ,  W-2,  and  W-3  were  drilled  with  a  rotary  rig  equipped  with  a  36-inch- 
diameter  flight  auger;  Well  W-4  was  drilled  with  a  Tailing  1500,  and  Well  W-5 
was  drilled  with  the  cable  tool.  Profiles  along  the  dewater  well,,  slurry 
trench,  and  recharge  well  lines,  along  with  logs  of  adjacent  bor.ngs,  are 
shown  on  Plates  5  through  9.  Holes  were  visually  logged  by  Omaha  District 
geologists  and  samples  were  forwarded  to  the  Missouri  River  Division 
Laboratory  for  further  analysis. 

If  ground  water  was  encountered  in  the  borings,  2-inch  diameter  PVC 
piezometers  were  installed  for  water  level  maasuremeiits  and  sampling  for 
water  quali  ty  analyses. 

Two  48-hour  alluvial  aquifer  pump  tests  were  ran  to  determine  the 
hydraulic  characteristics  of  the  aquifer  in  Che  vicinity  of  the  proposed  con- 
tairasent  system.  One  (W-4)  utilized  20  observation  wells,  and  was  conducted 
by  Woodward-Clyde  Consultants  and  Omaha  District  personnel  with  some  Cechni- 
-.*1  assii^tance  from  Che  US  Geological  Survey,  Denver.  Six  observation  wells 
were  monitored  during  the  W-5  pump  test,  which  was  performed  by  Omaha 
District  personnel  only.  Pump  teat  locations  are  shown  on  Place  3.  Aquifer 
characteristics  for  the  alluvial  aquifer  were  determined  by  using  Che  Cime- 
drawdoira  data  from  the  observ’ation  wells.  Analyses  using  Boulton's  method, 
assuming  delayed  yield  for  an  unconfined  aquifer,  gave  an  average  transmissiv¬ 
ity  value  of  210,228  gpd/ft  and  an  average  specific  yield  of  .085  for  Well 
W-4.  Hydraulic  conductivities  calculated  using  the  values  for  transmissivity 
and  saturated  thickness  (25  feet)  averaged  1144  fc/day.  Por  Well  W-5  an 
average  transmissivity  of  33,213  gpd/ft,  specific  yield  of  .25,  and  hydraulic 
conductivity  of  587  fc/day  was  calculated. 


2-2 


2.2  UfUTICinOBS  pome  OCHatMCnOB.  Investigationa  during  construction 
included  visually  logging  the  well  cuttings,  inspection  of  excavated  slurry 
trench  aaterials,  additional  drilling  perfonaed  by  Gecr-Con  for  blasting  pur¬ 
poses,  and  slurry  and  backfill  testing. 

wn-T-  lOGCHC.  Using  a  strainer,  grab  samples  of  the  well  cuttings  were 
taker,  during  drilling.  A  jar  sample  of  aquifer  material  was  also  taken  from 
each  well.  .  Samples  were  logged  according  to  ASTM  D  2488,  "Description  of 
Soil.  (Visual-Manual  Procedure)."  Logs  are  compiled  in  I’ates  12  through  16. 

IlEMCH  fVISTXCATIOW.  Bedrock  samples  were  taken  at  the  minimum  exca¬ 
vation  depths  (as  shown  on  Plate  16)  at  20-foot  horizontal  intervals  using 
the  sampler  shown  in  Photo  No.  14.  The  sampler  was  pinned  to  a  tooth  on  the 
backhoe  bucket  and  pushed  vertically  into  the  bedrock  until  refusal.  When 
samples  indicated  heavy  weathering,  silt,  sand,  or  fractured  zones,  excava¬ 
tion  was  continued  until  less  permeable  material  was  encountered. 

A  total  of  213  blast  holes  were  rotary  drilled  along  the  slurry  trench 
line  from  Stations  16-^6  4  to  18'+50  for  removal  of  sandstone  lenses.  The  holes 
were  not  logged;  however,  the  upper  and  lower  contacts  of  the  argillaceous 
sandstone  were  determined  by  the  driller  as  shown  in  Table  2-1. 
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Top  of 

■atfno 

Ikiclcaaaa 

loCtoo 

■o.  of 

Foooda 

Sola 

lock 

of  lock 

of  lock 

of  lola 

SCieka 

of 

■o. 

Station 

(ft) 
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(ft)* 

(ft) 

“toaax" 

"Tawex" 

19 

16+64 

40.5 

41 

0.5 

45.5  ' 

1 

2,27 

20 

16+67.8 

43 

4.5 

1.5 

44.9 

1 

i.n 

9A 

16+69.4 

43 

44.5 

1.5 

44.4 

1 

2.27 

21 

16+71.2 

43 

45 

2 

44 

1 

2.27 

93 

16+73 

43 

45 

2 

47.6 

1 

2.27 

22 

16+74.8 

42 

45 

3 

46 

2 

4.50 

92 

16+76.6 

42 

45 

3 

46 

2 

4.50 

23 

16+78.4 

41 

45.5 

4.5 

46 

3 

6.80 

24 

16+82 

40.5 

46 

5.5 

47 

4 

9.08 

90 

16+83.8 

40.5 

46 

5.5 

45 

3.5 

7.90 

25 

16+85.6 

40,5 

46 

5.5 

48.5 

4 

9.08 

89 

16+87.4 

40.5 

46 

5.5 

45.2 

3.5 

7.90 

26 

16+89.2 

40 

46.5 

6.5 

46.1 

4.5 
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88 
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40 

46.5 

6.5 

45.6 

4 
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27 
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39 
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7.5 

48.5 
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87 
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39 
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5 
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28 
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8 
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86 
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8 

48 
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29 
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38 
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9 
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30 
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The  following  ia  a  general  diacusaion  of  the  regional  aniJ  aite  geology 
and  hydrology.  A  much  more  detailed  diacuaaion  ia  preaested  in  the  Concept 
Design  Analyaia  for  the  NW  Boundary  Contaimaenc,  PN37,  Rocky  Mountain 
Araenal . 

3.1  COTIAL  aOLOGT. 

3.1.1  PHTSlOGHrar.  Rocky  Mountain  Araenal  ia  located  within  the  Colorado 
Piedmont  aection  of  the  Great  ?laina  phyaiographic  province  and  ia  character¬ 
ized  by  late  aiature  to  old  elevated  plaina  and  low  rolling  topography.  The 
aite  itaelf  ia  on  the  eaatern  edge  of  a  broad  valley  of  the  South  Platte 
River,  eaat  of  the  foothilla  of  the  front  Range  of  the  Rocky  Mountains. 
Topographic  relief  acrosa  the  entire  Araenal  ia  approximately  200  feet,  with 
the  land  aurface  generally  sloping  northwest  toward  the,  South  Platte  River 
(see  Figure  3-1). 

3.1.2  DtSClimoll  Ob'  OfRMWlPgll.  The  overburden  consists  primarily  of 

alluvial  clays,  sands,  silts,  gravels,  cobbles,  and  small  boulders  in  various 
combinatioku'.  Above  the  bedrock,  the  soils  are  quaternary  alluvial  deposits 
ranging  from  0  to  70  feet  in  thickness,  with  irregular,  braided  channel 

deposits  and  lenses  characteristic  of  alluvium.  Occasional  calcareous 
cemented  zones  occur  in  the  alluvium  and  may  vary  from  several  inches  to 
several  feet  in  thickness.  The  alluvium  is  overlain  in  places  by  more  recent 
deposits  of  windblown  silts  and  sands. 

3.1.3  MOIOCX  8T1AT1CEAPHT.  The  Denver  and  Arapahoe  Formations  are  the 

bedrock  units  immediately  underlying  the  Rocky  Mountain  Arsenal.  They 

consist  of  deltaic  shales,  claystones,  sandstones,  and  conglanerates. 

Studies  by  WES  (1980)  indicate  that  the  Denver  Formation  is  250  to  400 

feet  thick  ir.  the  vicinity  of  the  northwest  boundary  and,  therefore,  this 

formation  is  the  only  bedrock  unit  of  concern  for  this  project.  All  further 
references  to  bedrock  in  this  report  refer  to  the  Denver  Formation. 
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Thti  DtiRver  Foraalion  ia  of  probable  Peleocene  age  consiaLing  of 
aequencea  of  deltaic  depoaita.  The  depoaitional  enviromnent  reaulted  in  a 
predoninance  of  fine  grained  oateriala  rich  in  organic  a«tter.  Lignite  eeana 
have  been  reported  nearby  and  fragnenta  of  lignite  were  encountered  in  bore- 
holea  during  thia  atudy.  Interbedded  with  the  fine  grained  aediaenta  are 
aand  depoaita  and  ailty  aanda  that  apparently  repreaent  atreaa  channel 
depoaita  that  were  probably  depoaited  in  meandering  channela  and  adjacent 
portiona  of  flood  plaina. 

The  aanda tonea  of  the  Denver  Formation  conatitute  important  aquifer 
aonea  in  the  Denver  Baain  and  yield  wat^^r  to  domeatic,  municipal,  and  induat- 
rial  wella.  Individual  aaodatone  beda  arc  Icna  ahaped  in  croaa  aection,  but 
may  extend  for  long  diatancea  along  ainuoua  channela.  Interweaving  of  theae 
channela  providea  good  regional  lat>3ral  interconnection  by  occaaional  overlap¬ 
ping  of  channel  depoaita.  Thickening  with  vertical  overlapping  or  atacking 
providea  good  vertical  interconnection  over  wide  areaa  although  thia  vertical 
interconnection  may  be  poor  at  a  given  location.  Aa  a  reault,  individual 
aandatone  beda  by  themaelvea  are  not  important  aquifera,  but  rather  groupa  of 
beda  act  aa  aquifer  aonea  that  reapond  or  act  mucli  aa  a  aingle  aquifer.  Thia 
condition  ia  typical  of  the  major  ground  water  baaina  of  much  of  the  Weatern 
United  Statea  and  the  Atlantic  and  Gulf  coaatal  plaina  where  they  are 
compoaed  of  deep  alluvial  fill. 

3.1.4  BPtOCT  BllWIPlt.  RMA  ia.  located  near  the  northweatern  flank  of  the 
Denver  Baain,  an  oval  atructural  baain  mcaauring  approximately  120  by  70 
milea.  Thia  baain  ia  filled  with  about  15,000  feet  of  aedimentary  rocka. 
The  bedrock  at  RMA  ia  a  thick  aequence  of  Paleocene  and  Cretaceoua  deltaic 
and  alluvial  depoaita  with  gentle  regional  dipa  to  the  aoutheaat,  toward  the 
axia  of  the  Denver  uaain  (aee  figure  3-2). 

In  late  Cretaceoua  and  early  Tertiary  timea,  major  depoaition  occured 
in  the  Denver  Baain.  In  the  Tertiary  Period,  the  Laramidc  Orogeny  began, 
reaulting  in  uplift  of  the  entire  area  and  the  development  of  the  Rocky 
Mountaina  to  the  weal  of  the  aite.  In  time,  the  uplijt  cauaed  eroaion  which 
reaaoved  moat  of  the  Tertiary  aedimeiMa  and  expoaed  the  late  Cretaceoua 
aedimenta.  The  remnanla  of  thia  eroaional  period  are  pedimenta  formed  along 
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Che  eeicern  pleina  near  Che  foochills.  Wich  Che  reCreaC  of  Che  glaciers  in 
Che  QueCcmary  Period,  ■aasive  erosion  of  Che  CreCaceous  fonsaciona 
concinusd,  shaping  Che  presenC  bedrock  Copography  in  Che  RMA  area. 

No  significanC  faulcing  has  been  noced  ac  RMA,  alchough  soise  seismic 
accivicy  in  basemenc  rock  was  associaCed  wich  Che  deep  well  disposal  program 
in  Che  mid-1960's. 

3.2  sm  CROLOGT. 

3.2.1  MMOCK.  In  Che  norchweac  boundary  area,  Che  Denvar  Formacion 
conaisCs  of  predominanCly  gray  Co  gray-brown  shale  or  clayaCone,  wich 
irregular,  diaconcinuous  sandscone  lenses. 

The  Denver  Formacion  is  joinCed  and  fracCured  in  Che  viciniCy  of  Che 
barrier,  as  observed  in  sample  cores  and  described  in  borehole  logs.  The 
clay  shales  or  elaysConea  are  relaCively  auissive  and  do  noc  exhibic  shale 
parCinga.  They  are  noC  fissile.  Joincs  and  fraccures  are  probably  relaced 
CO  scress  relief  due  Co  unloading  by  erosion,  and  perhaps  more  imporcancly, 
due  Co  dessicaCion  resulcing  in  concraccion  cracks.  The  upper  pare  of  Che 
unic,  especially  in  Che  weachered  zone,  is  ofCen  classified  as  incensely 
fracCured  or  crushed.  Iron  scaining  was  noCed  on  fracCure  surfaces  which 
indicaces  Che  joinCs  and  fracCures  were  open  enough  Co  CransmiC  waCer  when 
Che  rocks  were  unsaCuraced  and  an  oxidizing  environmenc  exisced. 

Along  Che  barrier  alinemenc,  bedrock  is  weachered  co  depcha  ranging 
from  2  Co  3  feeC  below  Che  erosional  surface  of  Che  formacion.  WeaChering  is 
gradacional  wich  color  changes  from  shades  of  brown  in  Che  weachered  zone  Co 
gray  colors  in  Che  unweachered  maCerials.  This  wcaChering  indicaCes  Che 
erosional  surface  of  Che  Denver  Formacion  has  been  exposed  co  air  and 
decsicacion  permiccing  oxidacion  and  decomposicion  of  mineral  conscicuencs. 
This  suggescs  chac  Che  weachered  zone  was  unsaCuraced  during  Che  geologic 
pasc,  during  Che  TerCiary  Period  or  possibly  early  Pleiscocsne. 
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PIGURE  3-2  Kocky  Kountalni Arsenal  In  rslatlon 
to  th«  Denver  Basin  and  outcrop 
pattern  of  Denver  fonation  (Robson 
and  Roaero  1981) 
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The  degree  of  weathering,  freshneaa,  and  fracturing  of  the  bedrock 
during  conatruction  waa  detemined  by  examination  of  trench  bottom  aaaples 
and  boring  aaaplea.  Trenching  operationa  frequently  extended  3  to  5  feet 
deeper  than  the  minimum  excavation  line  due  Co  fracturing  and  weathering  of 
Che  Denver  Formation  near  the  bedrock  aurface.  The  Denver  Formation 
aandaConea  at  Che  northweaC  boundary  frequently  contained  yellow-brown 
atained  weathered  zonea  near  the  baae  of  blue-gray  unweathered  zonea.  Theae 
zonea  were  alightly  aofter  Chan  Che  blue-gray  aandatone  and  appeared  to  be 
alighcly  more  permeable.  Theae  areaa  contained  numeroua  pockets  of  clay  and 
looae  fine  grained  aanda.  During  excavation,  Che  alluvium-aandatone  contacts 
were  distinct  over  the  site,  but  alluvium-clays tone  contacts  were  frequently 
ambiguous  due  to  the  similar  characteristics  of  weathered  claystone  and  Che 
overlying  alluvium. 

3.2.2  ai-T.nyTPM,  The  alluvium  was  deposited  during  the  Quatenary  Period.  It 
was  deposited  primarily  by  tributaries  of  the  ancient  Platte  River  drainage 
System. 

Bedrock  is  directly  overlain  by  unconsolidated  and  occasionally 
cemented  coarse  alluvium.  This  is  the  slluvial  aquifer  material  and  consists 
of  highly  permeable  sands  and  gravels  with  varying  amounts  of  silt,  cobbles, 
and  occasional  boulders.  The  thick-ess  of  the  slluvial  aquifer  ranges  from 
over  25  feet  to  less  than  5  feet. 

The  alluvial  aquifer  material  is  overlain  by  fine-grained  overbank 
alluvial  sediments.  This  material  can  act  as  a  confining  layer  to  ground 
water.  The  fine-grained  sediments  are  predominantly  sandy  or  silty  lean 
clays,  or  less  commonly,  highly  plastic  clays.  Zones  of  clayey  sands  were 
occasionally  encountered.  The  thickness  of  these  sediments  averages  20  feet. 

3.2.2. 1  KOLIAB  OKPOSITS.  A  thin  mantle  of  eolian  soils  overlies  the 
northwest  boundary  area.  These  Wisconsin  Age  deposits  were  derived  from 
glacial  ouCwash  material.  They  are  generally  s  fine  grained,  fairly  uniform 
silty  sand. 


3-4 


Plates  12  through  16  indicate  the  types  of  naterials  encountered 
throughout  the  project  area. 

3.3  CMWD  gilM  WMtOLOCT.  At  the  northwest  boundary  area  of  RMA,  it  is 
reasonable  to  separate  the  .'egional  flow  ayatea  into  two  aubayatema  based  on 
geology;  alluvium  and  bedrock  flow.  The  Quaternary  Alluvium  in  this  area  is 
predominantly  underlain  by  clay  shales,  siltstones,  and  sandstones  of  the 
Denver  Formation. 

Regional  studies  of  the  ground  water  flow  system  by  Geraghty  and 
Miller  (Evaluations  of  the  Rydrogeologic  and  Contamination  Migration 
Patterns,  Rocky  Mountain  Arsenal,  Denver,  Colorado,  January  1981)  indicate  a 
general  north  to  northwesterly  flow  angling  toward  the  South  Platte  River. 
The  shallow  or  upper  Denver  Formation  and  the  alluvial  deposits  interact  in 
transmitting  flows  and  are  both  part  of  the  same  flow  system.  Flow  in  the 
Denver  Formation  is  both  confined  and  unconfined,  and  in  the  alluvium,  it  is 
generally  unconfined,  but  may  be  locally  semiconfined.  Potentiometric  levels 
in  both  units  generally  correspond  rather  closely.  Locally  potentiometric 
levels  between  may  vary  greatly  due  Co  locally  imposed  stressej  such  as  heavy 
pumping  from  one  of  Che  units  or  by  local  recharge.  Even  though  flow  through 
both  geologic  units  is  part  of  one  system,  thare  are  significant  differences 
that  were  used  Co  advantage  in  developing  pollution  contaiment  systems.  In 
general,  the  alluvial  aquifer  is  much  more  permeable  than  sandstones  or  other 
laaCerials  in  the  Denver  Formation. 

The  shallow  alluvial  aquifer  is  composed  of  Che  sand,  gravcjl,  clay, 
and  silt  as  described  in  Paragraph  3.2.2,  and  is  the  most  used  aquifer  in  the 
RMA  area.  The  fl<w  of  water  through  this  aquifer  generally  conforms  to  the 
bedrock  surface,  which  slopes  from  southessC  to  northvfest.  Zonec  of 
impermeable  clays  and  silts  in  Che  aquifer  may  slightly  alter  Che  flow  or  may 
form  isolated  perched  water  tables.  The  flow  pattern  is  also  locally 
modified  by  seepage  from  ponds,  lagoons,  and  canals.  The  seepage  type  of 
artificial  recharge  is  the  primary  cause  of  the  axtensivc  contamination  at 
RMA,  Che  main  sources  being  the  disposal  basins  for  process  wastes. 
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Only  ainor  fluctuationa  in  ground  water  level  have  been  recorded  over 
aeveral  years,  indicating  the  relative  stability  of  the  ground  water  system. 

The  ground  water  in  the  alluvial  aquifer  is  rather  mineralized  and  of 
poor  quality,  with  an  average  total  dissolved  solids  concentration  of  1,300 
ag/liter.  This  water  is  aarginally  suitable  to  unsuitable  for  domestic 
supplies,  but  is  used  where  better  quality  water  is  not  available. 

3.4  BWIBMIBC  ra»A»ArTMlsnCS  OF  O^mPlPBi.  The  permeability  of  the 
alluvial  aquifer  was  determined  to  be  2.07xl0~^  to  3.88x10*^  cm/sec,  based 
upon  pump  tests  performed  by  the  Corps  of  Engineers.  Select  material  was 

chosen  o'/er  native  material  for  backfilling  the  trench  to.  decrease 
permeability  of  the  barrier.  Cemented  zones  in  the  alluvium  caused  some 
difficulty  in  well  drilling,  but  little  in  trench  excavation.  Cobbles  and 

small  boulders  (to  16  inches)  were  encountered  in  discharge  and  recharge 
wells  throughout  the  aquifer,  which  seriously  impeeded  drilling. 

3.3  ncngglllG  <^*»*gnnu8ncs  or  roioac.  The  permeability  of  the  upper 
Denver  formation  clayatones  was  found  to  be  4.7xl0~^  cm/sec  in  the  vertical 
direction  and  0.19x10'*^  cm/sec  in  the  horizontal  direction,  (WES,  1982 
"Hydrogeology  of  Rocky  Mountain  Arsenal,  Colorado")  indicating  an  increase  of 
permeability  in  the  vertical  movement  of  water.  This  increase  was  attributed 
to  joints,  fractures,  and  weathering  in  this  direction,  and  was  a  major  basis 

for  keying  the  barrier  into  a  significantly  less  weathered  zone  several  feet 

into  the  claystone.  Based  on  a  slug  test  run  on  Well  5A  (See  Plate  3  for 
location),  the  coefficient  of  permeability  of  the  sandstone  lenses  was  calcu¬ 
lated  to  be  4  to  5x10"^  cm/sec.  As  this  would  allow  contaminated  ground 
water  to  flow  under  the  barrier  through  the  sandstone  units,  the  decision  was 
made  to  remove  the  sandstone  while  excavating  the  trench. 
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4.1  qggijj.  nCA?4TI0B8.  St«nd«rd  excavation  methods  were  used  on  struc¬ 
ture  excavations  using  backhoes  and  tracked  dosers.  Scrapers  and  graders 
were  used  to  build  roads  and  working  surfaces.  Equipment  used  for  the 
project  is  listed  in  Table  4-1. 


Cat  b23B 

Cat  DWIO 

Cat  12 

Cat  D8K 

Komatsu  D65E 

A1 lis-Chalmers  HD16 

Cat  C920 

John  Deere  JOSIO 
Dyanhoe  190 
Ford  A-b2 
Case  1450 
TCI  H4M80 
Cat  C815B 
Hyster 
Cat  C215 

Link-Belt  LS-7400A 
Kelley  K12 
Port-A-Drill  522 
CME-45 
Atlas-Copco 


Scraper 

Scraper 

Crader 

Doser 

Doser 

Doser 

Front  End  Loader 
Front  End  Loader 
Front  End  Loader 
Front  End  Loader 
Front  End  Loader 
Torque  Converter 
Shecpsfoot  Compactor 
Sheeps  foot  Compactor 
Backhoe 
Backhoe 

Reverse  Rotary  Drill 
Air-Fossi  Rotary  Drill 
Auger  Drill 
0-Dex  Rotary  Drill 


4.2  8CMUWL1MC.  Installation  cf  the  treatment  system  building  and  recharge 
wells  was  concurrent  with  trench  excavation.  As  RMA  would  not  allow  any 
puaping  until  the  entire  system  was  complete,  all  phases  of  construction  were 
independent  of  one  another,  excepting  the  requirement  that  Discharge  Well 
DW-10  and  Piezometers  P-4  and  P-11  be  installed  after  trench  construction. 
Barrier  construction  wss  s  priority,  as  no  backfill  was  to  be  mixed  or  placed 
when  the  air  temperature  was  below  20  degrees  Fahrenheit. 


4.J  PCAyATlOW  C14PE8 .  Excavation  was  to  the  lines  and  grades  as  shown  on 
the  drawings  in  Plates  16  and  18  through  21,  excluding  the  changes  discussed 
in  the  following  paragraphs. 
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Th«  minium  excavalioa  lia«  for  th«  slurry  trench  waa  used  ss  a  guide¬ 
line.  Actual  teraination  depth  was  datamined  by  the  Corps  inspector  after 
exaaining  bedrock  saaplea  as  described  in  paragraph  2.2.2.  Actual  temina- 
tion  depths  gienerally  ranged  from  2  to  A  feet  below  the  ainiaiai  excavation, 
with  Station  25^30  requiring  12  feet  of  excavation  below  the  ainiaua  excava¬ 
tion  line. 


Of  the  ^6  wells  drilled  on  site,  24  wells  had  field  adjustaents  from 
the  design  dei^th,  which  is  coaarn  for  well  designs.  See  Plate  10  for  well 
details.  I 


Recharge  jWell  RW-15  contained  only  4  feet  of  poor  quality  aquifer  and 
produ<'.:d  1.5  gpe  during  taat  puaping.  It  was  abandoned  and  RW-15A  was 

drilled  30  feet  to  the  northeast.  It  was  also  a  nonproducing  «m11  and  was 

I 

subsequently  abandoned.  Well  RH-i3B  was  intalled  50  feet  southwest  of  the 
original  RW-13.|  It  is  a  successful  well,  producing  160  gpm. 

Discharge  I  Well  OW-il  produces  6  gpn.  The  calculated  design  capac  ity 

! 

was  23  gpn.  The  well  was  not  relocated  as  the  aquifer  quality  deteriorates 
towards  DW-12  ak  per  exploratory  borings,  and  any  aoveaent  to  the  south  would 
adversely  effect  the  capacity  of  Well  OW-10.  The  wells  adjacent  to  DW-11  are 
capable  of  puaping  over  design  capacity  to  coapensate  for  its  low  production. 

4.4  WBU.  xiuiwe.  Alluvial  diucharge  and  alluvial  recharge  wells  were 
drilled  for  thei  project  by  the  reverse  circulation  rotary  method  using  a 
Kelly  X-12  drillj  rig  (see  Photo  No.  3)  with  6-inch  drill  pipe  and  Moab  bit. 
A  16-inch  diaaeter  bit  was  used  for  the  discharge  wells,  and  a  26-inch  bit 
for  tW  recharge j  wells.  A“2,500  pound  drill  collar  with  tri-cone  roller  rock 
bit  was  utilizedi  for  drilling  through  heavily  ceaented  zones  and  cobbles  in 
the  aquifer.  Well  designs  .are  shown  on  Plats  10.  In  general,  materials 
encountered  during  drilling  of  the  wells  corresponded  with  the  preconstruc- 

j 

tion  borings.  A  major  exception  was  the  occurrence  of  cobbles  and  small 
boulders  (to  16  inches  1  throughout  the  aquifer  in  nearly  every  well  drilled. 
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Th«  us«  of  «ug«ra  and  2-  and  3-inch  aplic  apoon  aaaplara  in  th«  prtt- 
conalruction  boringa  did  not  allow  for  tha  recovtry  of  tbeae  larger  diameter 
materiala. 

Both  the  alluvial  diacharge  and  recharge  wclla  were  drilled  by  the 
reverae  circulation  rotary  method  uaing  only  clean,  clear  water  aa  a  drilling 
fluid.  Thia  particular  drilling  method  and  fluid  waa  uaed  to  prevent  clogg¬ 
ing  of  the  aquifer.  The  reverae  circulation  rotary  method  worked  well  except 
in  aonea  of  cobblea,  where  the  drill  pipe,  valvea,  and  pump  tended  to  trap 
the  objecta.  A  rock  bailer  waa  uaed  to  remove  looae  cobblea  and  bouldera 
from  the  drill  hole.  Drilling  ratea  were  aignificantly  alowed  during  auch 
encountera. 

4.4.1  miL  TK8THC  AMD  PtyiLOFMElT.  The  diacharge  and  recharge  wella  were 
developed  aa  followa:  air-water  jetting  for  a  minimum  of  three  cyclea  uaing 
the  jetting  tool  ahown  in  Photo  2b,  2  houra  of  pumping,  diainfection  with 
aodiua  hypochlorite  to  a  concentration  of  1,000  ppm,  followed  by  a  4-hour 
pump  teat  after  a  minimum  of  24  houra.  In  addition,  percolation  teata  were 
conducted  on  the  recharge  wella.  Teat  data  ia  compiled  in  Tablea  4-2  and 
4-3. 


Piexometera  were  drilled  with  a  CME-43  equipped  with  7-inch  hollow  atem 
continuoua  flight  augera. 


4-3 


TAILB  4-2  -  wax  ggTTae  up  BKVKLOPMCTT 


Wall  lo. 

RW-I 

RU>2 

RW-3 

RW-4 

RW-5 

RW-O 

RW-7 

RW-8 

RW-9 

RW-10 

RW-11 

RW-12 

RW-13 

RW-U 

RW-15B 

RM-16 

RW-17 

RW-18 

RW-19 

RW-20 

BW-21 

DW-1 

DW-2 

DW-3 

DW-4 

DW-5 

DW-ft 

DW-7 

DW-8 

DW-9 

EW-10 

DW-11 

DW-1 2 

DW-1 3 

DW-1 4 

DW-15 


Scr««a  D«pth 

33.0-54.0 
32.0-53.0 
30.0-51.0 
29.0-49.0 
30.0-50.0 
30.6-50.6 
33.0-52.0 
32.0-50.0 
29.0-44.0 
32. 0-^5. 0 
32.0-43.0 
35.0-43.0 
34.0-44.0 

32.5- 44.5 

42.5- 48.0 
37.0-45.0 
35.0-45.0 
38.0-46.0 
35.0-44.0 
40.0-49,0 
43.0-49.0 
38.0-56,0 
32.0-55.0 
39.0-57.0 

42.3- 59.0 
40,0-56.0 

37.4- 54.0 
37.0-54.0 
36,0-54.0 
37.0-52.0 
42.0-50.0 
44 . 0-4  9 . 0 
41 .0-46.0 
32.0-40.0 
41 .0-48.0 
42.0-49.0 


Initial  W.L. 

28*2" 

27  •5” 

27  •5" 

30*  O" 

28*0" 

28 ’0" 

25 ’1" 

26*0” 

27'0” 

27*2" 

27 ’0" 

28 ’O" 

27 ’0" 

28*7" 

33*5” 

35’1" 

36*0” 

36*6" 

38*0" 

37*0” 

39*6" 

30*0" 

31*0” 

31*25" 

33*0” 

29*5” 

31*0” 

30*0” 

30*0” 

33*3” 

34*0” 

37*0” 

42*0” 

34*0” 

38*0” 

38*4” 


rinnl  W.L. 

en 

30*6" 

200 

31  *0" 

200 

30*6” 

200 

38*2" 

200 

30*1" 

200 

31*1” 

200 

31*6” 

200 

29*0" 

200 

35*4" 

200 

33*2** 

200 

35*1" 

ilO 

34 '8" 

180 

35*0” 

75 

33*0" 

145 

40*0” 

160 

40*0” 

55 

39*0” 

100 

40*5" 

75 

42*2** 

75 

38*7" 

100 

42*0” 

60 

37*4" 

150 

36*3” 

150 

48*1” 

200 

45*1" 

200 

38*1" 

200 

34 ' 9** 

200 

34*3" 

200 

33*7” 

200 

36*8" 

150 

41*4" 

100 

46*0” 

6 

44 ' 1'* 

40 

36*1" 

35 

40 ' 5” 

25 

41  '7" 

30 
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TABU  4-3  -  mamsg  bell  pkbcoutiom  tot 


Hall  Bo.  Static  Hater  Level 

Calloaa  Added 

Bacoeerr  Ti»e 

RW-1 

28 ’2" 

4,000 

45  sec. 

RW-2 

28  *  5" 

3,000 

30  sec . 

RW-3 

30 '5" 

2,250 

2  min. 

RW-4 

38 '2'* 

2,300 

1  min. 

RW-5 

28 '0" 

2,300 

45  sec. 

RW-b 

28 '0" 

2,300 

45  sec. 

RW-7 

25 '1” 

2,300 

45  sec. 

RW-8 

2b 'O" 

2,300 

2  min. 

RW-9 

27 ’0” 

2,300 

2  min. 

RW-IO 

27 '2” 

2,300 

3  min. 

RW-11 

27 ’0" 

2,300 

4  min. 

RW-1 2 

28 ' 0" 

2,300 

2  min. 

RW-13 

27 'O'* 

2,300 

5  min. 

RW-IA 

28 ' 7” 

2,300 

4  min. 

RW-15B 

33 '5'* 

2,3C0 

4  min. 

RW-1 6 

35'1'* 

2,300 

4  min. 

RW-1 7 

37 '0” 

2,300 

3  min. 

RW-1 8 

3b ’b” 

2,300 

5  min. 

RW-1 9 

38 '0" 

2,300 

3  min. 

RW-20 

37 '0" 

2,300 

1  min. 

RW-21 

39 'b" 

2,300 

5  min. 

4.4.2  rUZOMSm  TISTIBG  410)  DBVELOmaT.  Pissoneteri 

were  disinfected  with 

sodium  hypochlorite 

to 

achieve  a  400 

ppm  concentration  and  were  left  undis- 

turbed  for  a  minimum 

of  24  hours. 

Two  well  volumes  of  water  were  then 

removed  by  bailing. 

Recovery  ratea  are 

recorded  in  Tdble  4-4. 

TABLE 
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»  -  PISZOMETEB  TE8T1BC  4BD  DBVELOTMBBT 

Bailing  A  lacovery 

PieacMter  Bo. 

Screen  Depth 

Static  H.L. 

lecowerr  Time 

P-1 

35.5-55.5 

3317.. 

6  min. 

P-2 

39.0-58.0 

3b' 0” 

3  min.  30  sec . 

P-3 

35.5-54.5 

34 ' 0" 

5  min.  25  sec. 

P-4 

41.0-49.0 

3b ’b" 

7  min. 

P-5 

41 .0-49.0 

37 ’0" 

11  min.  5  sec. 

P-b 

37.0-45.0 

38' 7" 

7  min.  10  sec. 

P-7 

37.0-45.0 

38 '4" 

5  min. 

P-8 

41.0-50.0 

4rb" 

12  min.  45  sec. 

P-9 

41 .0-50.0 

41  'b" 

15  min. 

P-10 

30.0-35.0 

31 '2" 

8  min.  20  sec. 

P-11 

30.0-35.0 

31' 0" 

4  min.  50  sec. 

P-12 

33.0-54.0 

33 ’0" 

9  min.  30  sec. 

P-13 

35.0-51 .0 

31'1" 

2  min. 

P-14 

34.0-4b.0 

34 '0" 

7  min.  10  sec. 

P-15 

32.0-42.0 

35 '0" 

9  min.  15  sec. 

P-lb 

42.0-51.0 

44 '0" 

8  min.  35  sec . 

22-13 

34.0-44.0 

37 ’8" 

9  min. 
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4.S  lAWTICl  COBSTIOCTIOB.  Th«!  working  turfaca  for  tba  barriar  waa  aade  by 
standard  cut  and  fill  aethoda,  using  scrapers,  graders,  and  dosers.  Minimal 
fill  Wks  required. 

Dry  sodium  bentonite  was  supplied  in  30  pound  bags  and  mixed  with 
potable  water  (supplied  by  a  temporary  4-inch  water  line)  in  a  5  cubic  yard 
collidal  mixer  with  a  diesel-powered  pump.  Slurry  storage  ponds  were  not 
used  as  the  mixer  was  capable  of  producing  1,000-gallon  batches  in  10  to  15 
minutes.  Slurry  was  pumped  frcn  the  mixer  to  the  trench  by  the  use  of  a 
centrifugal  pump  and  a  6-inch  temv>nrary  piping  system. 

4.5.1  tlKJCH  fXCAVATlOB.  The  slurry  trench  was  excavated  with  an  FMC  Link 
Belt  LS-7400A  backhoe  with  an  extended  boexa  to  allow  excavation  to  53  feet 
(Photos  1  and  2).  The  bucket  used  was  nonperforated ,  with  the  exception  of 
two  holes  that  allowtd  the  release  of  the  vacuum  formed  by  the  wet  overbur¬ 
den.  Initial  excavation  began  50  feet  northeast  of  the  plan  starting  station 
and  was  sloped  down  to  full  depth  at  the  starting  point.  This  enabled  place¬ 
ment  of  backfill  by  sliding  it  down  the  slope  and  eliminated  the  need  for  a 
clamshell  or  tv'>mie  for  initial  backfill  placement.  Slurry  was  pumped  into 
the  trench  and  generally  maintained  within  2  feet  of  the  working  surface  by 
adding  slurry  as  the  excavation  progressed. 

4. 3. 1.1  SLOBBT  TBSTIBC.  The  slurry  used  in  the  excavation  and  backfill  of 
the  barrier  was  a  mixture  of  ultrafine  natural  sodium  cation-based  montomo- 
rillonite  clay  and  potable  water.  Slurry  properties  were  tested  following 
the  American  Petroleum  Institute  (API)  Code  RP13B.  Initially,  the  slurry  was 
tested  four  times  daily.  Testing  showed  that  the  slurry  properties  changed 
very  little  in  the  course  of  a  day;  subsequently  testing  was  reduced  to  twice 
daily.  The  slurry  in  the  trench  was  sampled  at  intervals  of  every  10  feet  of 
depth  and  .t  50-fool  horizontal  intervals.  Tests  required  were:  density 
(not  less  than  64  pounds  per  cubic  foot),  filtration  (not  greater  than  20  rc 
at  100  psi  in  30  minutes),  viscosity  (not  less  than  40  secondii  at  65  degrees 
F.),  and  sand  content.  Prior  to  mixing  the  slurry  with  backfill  material, 
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denaity  waa  to  b«  not  leas  than  70  pounds  per  cubic  foot  nor  greater  than  85 
pounds  per  cubic  foot.  Slurry  from  the  trench  had  an  average  viscosity  of  44 
seconds,  density  of  77  pounds  per  cubic  foot,  filtrate  of  20  cc,  and  sand 
content  of  10  percent.  Slurry  wa;.  used  directly  from  the  mixer  for  blending 
with  backfill. 


4.5.2  TIEICH  14CPILL.  A  dike  was  formed  along  the  trench  to  prevent 
unblended  material  from  flowing  in.  The  select  backt.'l  material  was  mixed 
with  fresh  slurry  by  trackirg  and  blading  with  doxers,  and  was  then  tested  as 
described  in  Chapter  2.  The  blended  backfill  was  then  pushed  from  the  work¬ 
ing  surface  into  the  trench,  allowing  it  to  slide  down  the  initially  inclined 
surface,  and  later  dotm  the  surface  of  the  previously  placed  backfill.  The 
toe  of  the  backfill  lagged  behind  the  trench  excavation  by  a  maximum  of 
100  feet.  Backfill  was  sounded  twice  daily  to  determine  sliding  and  settle¬ 
ment.  The  backfill  was  capped  by  a  minimum  of  1-1/2  feet  of  relatively 
impervious  material  within  3  days  after  the  backfill  reached  the  top  of  the 
slurry  trench.  Bulldosers  placed  the  material  and  it  was  compacted  in 
12-inch  thick  layers  with  a  sheepsfoot  compactor  to  a  dry  denaity  of  95  per¬ 
cent  of  maximum  density  at  optimum  moisture  (within  2  percent). 


4.5.2. 1  B4COILL  TlSTllC.  Backfill  consisted  of  a  mixture  of  slurry  and 
select  soil.  Gradation  tests  were  taken  for  every  300  cubic  yards  of  fill 
placed  in  the  trench.  Procedures  for  the  gradation  analyses  were  according 
to  ASTM  C  13b-81,  and  were  to  conform  with  the  following  requirements: 


Screen  Sixe  or  fmnber 
(D.8.  Standard) 


Percent  Passing 
By  Dry  Weight 


3-inch 
1- 1 /2-inch 
3/4-inch 
No.  4 
No.  30 
No.  200 


100 

95-100 
80-100 
50-1 00 
25-70 
12-35 


Test  results  are  shown  in  Table  4-5. 


Slump  tests  were  performed  twice  daily  *'he  backfill  mixture  just 
prior  to  placmsent  in  the  trench.  Testing  was  according  to  ASlSI  C  143-78, 
v'ith  an  allowable  slump  range  from  2  to  5  inches. 
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Backfill  pera«ability  detenai nations  were  sMde  on  undisturbed  samples 
obtained  from  the  completed  trench  in  accordance  with  ASXM  D  1587,  A  7-inch 
diameter  hollow  stem  auger  was  used  to  advance  the  hole  to  sampling  depth. 
Three-inch  diameter  Shelby  tube  samples  were  obtained  from  10.0  to  12.5  feet 
below  the  surface.  One  sample  was  recovered  and  tested  for  each  300  linear 
feet  of  backfilled  slurry  trench.  Samples  were  tested  for  permeability  in 
accordance  with  EM  1110-2-190b,  Appendix  VII,  Back-Pressure  Method.  Test 
results  are  compiled  in  Table  4-b. 

TAm  4-6  -  lACOILL  PMMEAIILITT 

SMplm 
■o. 


1 

2 

3 

4 

W«A8nBG«  Bath  Excavating  and  Construction  was  hired  by  Ceo-Con  to 
remove  two  lenses  of  argillaceous  sandstone  from  Stations  18-^50  to  17'*^99  and 
17-^50  to  I6>b4.  HD  detaprime  caps  and  primacord  were  used  to  detonate  1-3/4 
inch  by  lb-inch  DuPont  "Tovex"  water  gel  with  a  25  millisecond  delay  between 
holes.  The  two  blasts  used  patterns  of  2-inch  thinwall  PVC  cased  holes  in 
two  rows  on  3.b-foot  centers  with  3  feet  between  the  rows.  Blasting  informa¬ 
tion  is  listed  in  Table  2-1. 


Stmtiom 

■o. 


22>50 

13+50 

19+50 

16+50 


Comfficiemt  of 
PenMobilitT  (Ca/8ec) 


2.9x10-8 

3.1x10-8 

6.6x10-8 

1.8x10-8 


4.7  SAPETT  PlKCAPnOBS.  Standard  safety  procedures  were  followed  as  per 
the  Corps  of  Engineers’  Safety  and  Health  Requirements  Manual,  EM  385-1-1. 
When  blasting  was  performed,  RMA  Security  was  notified  of  each  ixnsinent 
blast.  No  explosives  were  stored  on  site. 


CMAPm  5.  -  nmAffm  or  roomAiiow 


5.1  Onn^.  Conditiona  eacountared  during  construction  have  been 

described  in  Chapter  3.  The  specific  locations  of  each  condition  as 
determined  from  trenching  and  well  drilling  operations  are  discussed  below. 

5.2  ClMMffP)  ams.  Occasional  calcuim  carbonate  cemented  zones  of  sand 

and  gravel  were  encountered  in  several  of  the  discharge  and  recharge  wells  at 

the  northeast  end  of  the  line  (Plates  13  through  16).  The  random  zones  were 

moderately  hard  to  hard,  and  ranged  from  6  inches  to  6  feet  in  thickness. 

There  was  minimal  impact  on  trenching,  but  some  difficulty  in  drilling  when 
such  zones  were  encountered. 

5.3  ODllLgS  lOOLJKlS.  Cobbles  and  small  boulders  were  encountered 

throughout  the  aquifer.  The  effect  of  this  material  on  slurry  trench  excava-’ 
tion  was  negligible.  They  did,  however,  cause  serious  delay  in  drilling 

operations.  The  cobbles  snd  boulders  lodged  in  the  bit  intake,  return  valve 
in  the  Kelley,  and  in  the  pump  (Photo  No.  22).  The  contractor  filed  a  claim 
and  was  compenssted  as  the  Government  considered  the  number  end  location  of 
the  cobbles  a  type  one  differing  site  condition  (see  Appendix  A). 

5.4  PPfTKK  TOnanCTI  mroSTOWKS.  Two  lenses  of  very  hard  blue>gray 

sand**stonc  were  encountered  along  the  slurry  trench  between  Station  18-^25  and 
Station  16-^64,  as  shown  on  Plate  16.  The  total  sandstone  thickness  ranged 
from  1  to  13  feet,  at  depths  of  38  to  51  feet.  Blasting  was  required  to 

fracture  the  rock  prior  to  removal.  Excavation  continued  below  the  bottom  of 
the  sandstone  to  assure  s  tie-in  with  the  clay  shale  bedrock. 

5.5  QUIT  SHALK.  The  uppermost  layers  of  clay  shale  bedrock  are  highly 

fractured  and  moderately  to  very  weathered  to  depths  of  up  to  5  feet  into  the 
rock.  Below  this,  thf  rock  is  essentially  unweathered. 
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-  POSSIBLE  FUTDIK  WOmPC 


6.1  POOTfflU.  nOMLMM  POTOITIOBS.  Aaide  from  mechanical  failure,  which  ia 
beyond  the  acope  of  thia  report,  potential  conditiona  which  could  produce 
problems  with  the  ef  fectiveneas  of  the  containment/ treatment  ayatem  are 
diacuaaed  below. 

Zones  of  high  permeability  occurring  as  windows  in  the  slurry  trench 
backfill  could  allow  seepage  of  contaminated  ground  water  through  the 

barrier.  Windowing  could  occur  by  aloughing  of  portiona  of  the  trench  sides 

during  excavation,  sand  layers  settled  out  of  the  slurry,,  or  pockets  of 

unblended  backfill.  Any  of  these  could  allow  a  higher  permeability  zone 

.through  the  trench,  and  would  be  difficult  to  locate  upon  completion  of 
construct  ion. 

Isolated  seepage  through  permeable  sand  lenses,  fractures,  or  lignite 

seams  in  the  Denver  Formation  below  the  depth  of  the  barrier  could  allow 

leakage  beneath  the  barrier. 

Any  cemented  sands  or  fractured  rock  remaining  at  the  base  of  the 

trench  could  also  allow  leakage  beneath  the  barrier. 

Unexpected  high  ground  water  levels  could  overtax  the  dewater/recharge 
system.  This  is  unlikely  under  the  range  of  expected  situations  for  which 
the  system  was  designed.  The  possibility  for  such  an  occurrence  does  exist 
under  a  combination  of  condicions  such  as  a  high  ground  water  level  and  heavy 
precipitation  combined  with  a  prolonged  shutdown  of  the  system,  where  ground 
water  could  build  up  along  the  barrier  until  the  system  was  again 

operational. 

6.2  lyrmwfinip  OISPTATIOW.  The  system  as  designed  will  require  periodic 
Bwintenance.  Constant  observation  is  recommended  as  follows: 
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(1)  ReguUr  reeling,  of  piezometer!  end  well,  down  gredient  of  Che 

^  barrier  .ho«ld  indicate  the  total  effectivenea.  of  the  ayatea.  and  would  pro¬ 

vide  indicaciona  of  problem  areaa  of  the  barrier. 

(2)  Monitoring  of  wella  and  piezoaetara  on  the  up  gradient  aide  of  the 
•yatea  ia  alao  eaaential.  R.lings  here  could  provide  information  on  pre¬ 
treatment  contaminant  level,  and  po.aibly  on  migrating  ground  water  pattern. 
••  -ell.  Additional  monitoring  well,  could  be  in.t.lled  ..  required  to 
detect  any  change  in  .hape  or  depth  of  the  contamination  plume. . 

(3)  Regular  in.pection  of  the  aurface  of  the  .lurry  wall  i.  recom¬ 
mended.  Slump,  or  deprea.iona  along  the  aurface  of  the  barrier  may  be  an 
indication  of  a  "window"  condition  cau.ed  by  improper  backfill.  Saturated 
aurface  condition.  might  indicate  ineffective  dewat.r/recharge  ay.tem 
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iPniDIX  A 

Cootract  Modifieaciona 


COmUCT  MOOlFICATlOn 


Mod. 

POOOOl 

P00002 

P00003 

POOOOA 

P00005 

P00006 

P00007 


P««criptioB 

Delete  booster  puap.  Provide  flow 
controls  on  eaergency  showers. 
Provide  pressure  reducing  valve. 

Add  bends  at  valve  pit. 

Claiiit— Cobbles  in  Mils. 

Relocate  two  power  poles. 

Not  executed. 

Not  executed. 

Extend  contract  5  days. 


Total  Mod  Coats 
Contract  Bid 


Total  Cost 
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Coat 

$5,519 

$2,703 

$97,175 

$1,382 

Mo  cost 


$  106,799 

2,641,580 


$2,748,359 


Photograph  1.  FMC  Link-Belt  LS-7400  A,  used  for 
slurry  trench  excavation. 


Photograph  2.  LS-7ii00  A  with  55  foot  dipper 
stick  and  boom. 


PhotograDh  Port-A-Drill  Air-Foam  Rotary  Drill 
used  for  well  development. 
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Photograph  9.  Loading  blast  holes. 


Photograph  IJ. 

Slurry  trench  excavation,  looking  mn  w  .  - 

seuthwect  from  Station  l^+OG.  uoJJoidal  Slurry  mixer  and  pump 

for  mixii.g  bentonite. 


Slurry  trench  excavation,  looking 
northeast  from  Station  12+00. 


Photograph  19.  ‘Capping  trench,  looking  south 
west  fron  Station  25+00. 


Photograph  20.  Cobbles  from  DW-2. 


Photograph  2^.  Placing  well  screen. 


Photograph  25. 
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Photograoh  28,  Well  develooment  setup 


Photograph  29.  2H  h.p.  submersible  pump  for 
pump  test. 
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Oud  CiatiNcaNon 

Dana 

(HD 

MH 
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Inarqmto  ciar«  of  aadua  to 
plAdleRy 
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SM*Sto 
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C«»««1t«l5TIC_  . .  CtSOIfTtO" 

PfKwow»K  u)iw»>iHi>y  >ra>iw  u» 

•  MMt  tMfif  AtcftatiafAr  inAicttf 

Ert^ar  CrunMn  ntfurri*r«r  H  NiHvoroMn 

wMHiwI  cr  r»<ue><l»pi<if 
Ff«iur«i  Fr«lumsoacatqmr#af  imftM 

4  inem  vat 

rraehirttf  Frirtum  »Ma<  ^owritfY  Ortwwn 
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CHAfACTtRtSTIC 
V  So« 

SoM 

•iiadir*«r  Mv« 

H94 

VorrHv* 


•  HARDNESS 
DESCRIPTION 

C»M*4arf««R(ND«ld 
Cm  M  icraIcNoR  ■Nh  NnaomaH 

Cm  M  icriicM  fVlRf  «NN  « knlfi. 
ONNewR  1#  KTAN  aNN  >  AriNl, 
Cmndt  b*  KralerMi  «NN  « knl^ 


lEDROCK  NEATHCRINC 


CHAtAnWlSYtC 
HlRh»y  Wi*x»'ii 


DESCRIPTION 

Rodi  H  rtriuem  to  •  mH  «nn  r«nd  root  tlmdurt  cm 

bt  NimrtiN  *toANl  mR  cru«toM  »r  Dmd 

EnfWmm  liRtomtorM.  Ntortotan  asTratot  n^rty  m  <R  Nm 

racR  «RN  font  meMi  of  Im  twoirwM  roo  noNcvobto 
WM  Mlna-toi  MaEM  msf.  rottom  onfy  t  frctton  of 
ortolnii 

SNf|fH  dtoCDiBf  (Bm  m  luftoi.  »NrN»  iNAraltoa  otot^ 
dhomOnuNtoi.  Nn  tom  Wft  of  to*  rod  vttoifM  H  ittmmt. 
5lr«n^  N  tubdmMto  undNctoil 
N»  flvtomm  4  my  aadmtoto  ar  cNaotoai  •ftortototi 


SNRWtoNRNNord 


CONM'-  > 


SYM901  S 


igilivAi  Fhr 

stows'  fT 


DCrifllTlON 
Etfl<n4M  ground  walir  A««<jnW  M  of 


aitow)’  'or"' 

7 

t  *  * 

Wapr  Mat  fnaaiurad  (tom  nitranwar 

RmttN  *tor'"ad  in  '’ngara  •«»  pM 
er^jiir*  •»  raa^.y  v  .iaarad  Ihrapb 

?  4 

f  ^ 

ontlHota 

1 

{•IN  .»fnr"ad  tw  Itnqi  rHIb  I'nuPa'Pa 
pmvirr  xtd  cannp  Oa  aaudam  tbrouaA 

4  4 

•  >* 

OHcbvpMaH 

fNiars 

pnw  1 

AacbPMWaH 

Oaton"*!  «(tb  datotunto  P  fbtoari  a 
oan<ii  iak;»<i  'oto  (ba  lamoto  •«(  aanai'Jli 
■nd  tond  to  vlick 

a  IS 

to 

i: 

OtocbpqawaM  wtd  OrIM  >toia  P  ssna  tacaflan 

\ 

IS  so 

toPir  U«P 

4 

« 

•  n  rtatot  u'.r-i  tor  4qu''rr  On  i«l  ‘rsl. 

CmP’touwrfbr'biqarnP  *a*nai 

)0 

S.P.  1. 

Standard  1  mrtration  IrU 

'nto  tor  lamp*  *fb  panaarwa 
utonm  iwi  dott  no!  tond  to  met 

s.  V. 

Spd  Saoun 

I 

IndwPav  intarvp  samoM  in  ourinq 

CTfOTfCHMCAl  NOT«_S 

lh*Mif*WM»an  PtstM  3  Amj^n  9  art  owiwKWHuiis  ¥  dm  PW>w>  9» 
(Ml  tap  aMdt  vt  m«  antr  raaaN  af  tw  duW  pataqte  (Mum  ^mrwl  tw 
MM  witnanon  of  uaipM  aMprtad  during  miiarapi^  irmn^  1hl| 
nrwanMw  af  Mi  front  (M  (Md  Ip  ti  («rpMM  to  ipHt  tha  obmMBM  tn 
aMvMna  9ta  tut.  Actual  (HW  top  of  all  fhf  tartnqt  iftown  on  Plata  ) 

•«  aaMMi  M  rr«tan  al  9ia  Qm#ia  OHIHet  OfRei. 

ItpiapilMMiion  PiaM  3  thfiuih  9  af’>*itrafMd  tpi  w  rawpiuMHi 
afidMiTMeinMlantiormaaplaralory’'  al  tMr  raapMai  laolant  • 
lMa»«i*o«w»M  UMovMamtfiaaEMMbtdfuMurfPifna'vMi 
In  fiH  fplaii  an  nitMuM 

UMr  p«Mi  lurti  m  GC.  SC.  SP.  SM.  Cl.  ate. .  «« tn  acnriwn  wWi  fta 
IMfMSMCMsMuHon  SpMi.  CX  TaWtnlcM  Mwnonndym  Na 

Mar.  w. 

Baaroa  ctMsiltCJtions  ^noam  on  im  (oqt  art  bavP  on  vHuat  in-H)ac(lon  ol 
?  jr )  men  di<wnattr  voirt  moon  dnva  satnolas.  Th*  oprat  ol  waatharinq^ 
(fodunn^  («c..  ol  (ba  roa  •»««  QatarminM  tiy  tba  on'r'iH^t  appNranca  and 
canditian  of  Oa  umotav.  Tba  wndtiona  ancountarw  m  borinqs  P-IAM-S  «as 
corM  in  awnliary  bola^  W>SA  and  w>S8.  PQ  X  343  I  nr  h  diamatar  cora  samolat 
3f  (ba  ^an«Mna  ara  a«a»laMa  tor  m^paction  at  Rodiy  'Aountatn  Artanal. 
liddar^  MuM  namma  it>a  cora  mn^lai  to  saiisly  (ba  msalvn  at  to  tha 
pOyMji  poaarttat  of  tba  roA. 

Mod  af  tn#  Oorinqs  drillad  lor  tM$  orotact  <*ara  dr  illad  wtr'  a  lovb  hoitov 
Oatnaupr.  Soma  *>aradriiM  uttlizinq  a  churn  drill  and -riva  barral.  Tha 
drittma  naiTHM  lor  tach  holt  it  mdtcJiad  on  tha  oriq  inai  iiaW  loqt. 

A.  All  Mwqs  shonn  on  PliM  5  (nrou<^  •  «ari  driltadwitn  tha  bottow 
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OljiSlTY 

THirSAfiOi 


vp.  V 

HOMS'  »T 
•  Id 
10-3I 
3S-1d 

>  s« 


0.  SanMnqvMAccanpiitbadMri 

A.  In  auprP  boMv  ^  (ba  :<Har  s;>li«  Npoon  tamdiat  laara  Man  at 

MI?or  SMI  iniaraalt.  uiinqa  AA  -ammar.  Saa borinq  lop  (or 

taaMa  mimalt  and  diamatar. 

I.  Cburn  drilM  ooltt  «ara  tampiad  tu"ii  jj-ai*  litinqab  inch  dlanMar 

oriaatMmi 

C.  Cara  driMinq  wat  accompiiinp  utniq  a  Ki  loui  lonq  p.C.  4.S?7o|ncn  (X.0>  ' 
Cart  Sarrat  Mftn  innar  barraC 

7.  Onlrt«Mp<BrffHtar1npt^*MdbdiM^fMfiHiiiy  wrilMirBCttvfi 
RMmMMin  In  BtaMplm  1^a  tap  tor  Ml  tha  borlfpi  tfMMt  In  flan  «il|r  «i 
PMa  3  raavaiMtotortnM  *tanalff>*0m4na0ts9r1d,  Cdrp«fCn|<naBrL 


«OC»-StBlM.TljBi 

OlsCilPtion 

SamaMi  eBmp»ii  n  onawn  uo 
'  '*dl(  *•#♦»  m«h0iKiin  'ndiKM 

Cfumotaa  nadir iih  or  ti  oroMn 
puMrtrad  or  f«ii(«wio  oontfw 

^raettirav  imom  lan  w>m 

I'ncfm  part 


I  CroundllMrtaMtoMnnalaMiMWBta  .'•iHTdlMp.  AMMMtdf  ppirtawator 
Pta  M  a  karlnq  Ip  dnt  iM  nncMMtr  iMM.  btp  pound  vMNr  vfll  Ml  ba  «n* 
oaiMitoradMtiMtoaitanirtitinthdMrtk&'rwu. 'MlwborMp  CrrtmdWPr 
MapiMfcfWanbvlnf  tapr«ARCVMMMlatVMt.’<MtodtomrM  Ground 
WoMr  Mall  athaMynnt  Aim 

%  INM«dMnNT(M«andfVM««d««tolttonQr«(tlllc*ddrMro«AMMMv 
MuM btopeflan p toM Map* M flaw M Willlni md  brflwmwPw 
p  Paw  rpidraa  ta  driva  (ha  saoatar«. 


m  MPPavrwMntdaKrtaflaraaaraaiflNMMpftoMPlmppantftpplM  I 

PtwflMPPlIRnp  -J 

a  MarodMPIMIntonaplananflrflantirapio,  aPPdPa  froclurpMdpNa  ' 

dPfPfMMnoniflalMdiafx  Cdpp oT ffw (Md (pan arPUMa tor *wi« 

In  «w  afM  P  flw  a  &  Arwf  eppaar  OWrM  cropiA  (C 


Irpbirai  lawo  fii'Uiaan 

f  hKtm  and  |  irtjf  mk 


n  IkwiMaMMtnpdpliMMMatoaPbadraAMflPpulM. 
froand  art  MtoMM  an«(; 

11  AM  umMad  toil  ciatMtlcPten  Tvntteff  tboan  on  tbaborlnq  tap  ara  iPoraltn 

ciaHdtaatiant  P  U>a  toiu  Iron  tba  corrtponainq  MNt  town  uapav 


HAAONCSS 

OfSCIKPTloN 

C  w  ba  dPorwurf  h*  0  md 
Can  oa  toratob"i  •db  flnatrnat 
Catiia«crakr*((#«iNi»db  «knbi 
OWIeuM  to  Kr  jArn  •nb  i  maa 
CannolMterMrnWwrm  atntfa. 


IfOtOCK  NfATHff  INC 


MSCtlPTICM 

dap  H  raducM  to  (  wH  t»ab  rtotot  roct  tlnjdurt  can  >kis  oumik  un  ntwan  to 

M  qanarrWf  mMM  ato  cruivatod  Ito  n«rMt  m  lau. 
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*0  cfmn—l.  iJr,  f»  rr^  »/ 


LtAOClAY  rrmO  «A/V  i*i, 

mmO,  t  *‘t*f 
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« /vv#  .w#*^  'S9^»  -# 

<  »»»&r*r?^'a»^  Kmnrtia^ 

Hr  «  t«  «4  »r  '•• 

(4II  pf0  .v.rr»M«  at P  i) 


o»* -jitfj 
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V  t>  '^ard  On/  To  *Ao^. 

Pmc  SotrJ  %ftt^ 

iANOV  CLAY 

V  %fi>f  To  hard,  Ory  b  Mo^t 

if  .  ftne  b  *Afd  Sand.  Stffy 

Ftst  rOKftO  SANO 
Kind  Oanaa,  Dry  To  KAam* 

SA\OY  C. 

V  Shff  "'O  hora.  Ory  To  ‘AOfOi.  i*  ''an. 
fine  ToKtea  Sard.  St/y 

CLAvey  sa^jo 

Deme  Ort/  To  KtoraT 
SILTY  CAA vet LY  SANO 
Darrae,  Oy  Tan.  %i*y. 
fine  To  Caine  Sand  And 


VL  TV  SANOY  QffAY^L 

Oeme,  S>/:cetM,  Ory.  Lf  Tan.  Fine  b 

Coorae  Sand  And  <5r*»vW  Trace  Of  S>d 

SANO 

Oenae,  Qry  To  fJomf 
VLTY  QPAVCLLy  SANO 
Oen^  Coarse  Sand. 

Fine  b  Cooroe  OraveT 
COAOSe  SANO  Oendd.  iofxjrofed 
silty  SANOY  OOAVCL  , 

CLAVtY  StNO 

Med  Oer^e  Se/uroTed.  ,  oadFF*- 

f,ne  To  Med  Sand  ' 

•CLAY  •  S^IAlC 
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SANOY  CLAY 
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SANOY  CLAY 
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Sr*.  F.f^m  To  Coarse  Sand 
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4#^  i^i"rrv»  No  /S’ 
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S4V4> 
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'  4>'W,  Ntut  I  *  Tan 
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5/4  TY  SANO 
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SANQV  5/4  /■ 

/-w  Oarma  Uen*/  Y  S//'y  San^ 

If  d'otf 
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